
Aura/OMI SO2 

ARSET	
Applied	Remote	SEnsing	Training	
A	project	of		NASA		Applied	Sciences	
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The	largest	sources	of	SO2	emissions	are	from	fossil	fuel	combusBon	at	power	
plants	(73%)	and	other	industrial	faciliBes	(20%).		
	
The	Clean	Air	Act	requires	EPA	to	set	naBonal	ambient	air	quality	standards	for	
“criteria	pollutants”		-	of	which	SO2	is	one	of	them.		



h3p://www.realclearenergy.org/charBcles/2012/01/16/sulphur_emissions_concentrated_in_the_midwest_106416.html	

With	a	life7me	of	about	a	day	in	the	lower	troposphere,	the	amount	of	SO2	in	the	
PBL	is	typically	very	small	(less	than	0.5	DU	except	very	near	to	a	source).	In	non-
polluted	regions,	the	amount	is	near	zero.		



h3p://www.epa.gov/airtrends/sulfur.html	



SO2	is	a	strong	absorber	in	the	UV	part	of	the	spectrum	which	can	be	used	to	retrieve	
its	atmospheric	abundance.	

For	the	SO2	retrieval,	a	“band	residual	
difference”	algorithm	(BR)	has	been	
applied	to	4	wavelengths	between	
310.8	and	314.4	nm		



OMI	SO2	Retrieval:	In	a	Nutshell	
SO2	slant	column	retrieval	
• 		The	SO2	slant	column	density,	usually	given	in	Dobson	Units	(DU),	are	retrieved	using	a	"band	
residual	method"	for	columns	in	the	PBL,	using	the	residuals	of	the	DOAS-based	ozone	retrieval.		
• 		SO2	Air	Mass	Factors	are	based	on	GEOS-CHEM	model.		
	
Krotkov,	N.A.,	S.A.	Carn,	A.J.	Krueger,	P.K.	BharBa,	and	Kai	Yang,	Band	Residual	Difference	Algorithm	for	Retrieval	of	
SO2	From	the	AURA	Ozone	Monitoring	Instrument	(OMI),	IEEE	Trans.	Geo.	Rem.	Sens.,	2006,	Vol.	44,	No.	5,	
1259-1266,	doi:10.1109/TGRS.2005.861932.		

	

• 		Retrieval	wavelength	range	=	310-331	nm.		
• 	In	the	same	wavelength	range,	however,	there	is	
also	absorpBon	by	ozone	(O3).			

• 		The	retrieval	algorithm	takes	into	account	this	
"interference"	of	the	two	absorpBon	signals	when	matching	
the	measured	spectrum	with	the	absorpBon	cross	secBons	
of	SO2	and	ozone.		



OMI	SO2	Gridded	Product	Summary	

SO2 Product Level  Data Short 
Name 

Sensitivity Use 

PBL SO2 L3, 0.25ox0.25o OMSO2e < 1 km Fossil fuel, industry 

TRL SO2 
(Lower Troposphere) 

L2G, 0.25ox0.25o 
 

OMSO2G ~ 3 km Industry outflow 

TRM SO2 
(Mid-Tropopshere) 

L2G, 0.25ox0.25o 
 

OMSO2G 5 - 10 km optimized for volcanic 
degassing with vents at 
~5km altitude or above and 
emissions from effusive 
eruptions. 

STL SO2 
(Lower Stratosphere) 

L2G, 0.25ox0.25o 
 

OMSO2G 15 – 20 km intended for use with 
explosive volcanic 
eruptions  

Note:	OMSO2e	‘best’	product:	Screens	anomalous	values	due	to	cloudiness,	high	
terrain	and	instrumental	effects	(row	anomaly	)		
.	L2G	data	are	NOT	screened.	

• 		The	OMI	data	product	file	contains	4	esBmates	of	the	total	SO2	column	in	Dobson	Units.		
• 		These	correspond	to	4	a-priori	(climatological)	verBcal	profiles	for	the	SO2	used	in	the	retrieval	algorithm.	

• 		The	4	verBcal	profiles	represent	typical	SO2	verBcal	distribuBons	for	three	SO2	source	regimes:		



TRL,	TRM	and	STL	columns	are	produced	with	the	Linear	Fit	(LF)	Algorithm:		
	

• 	Yang,	K.,	N.	Krotkov,	A.	Krueger,	S.	Carn,	P.	K.	BharLa,	and	P.	Levelt	(2007),	Retrieval	of	
Large	Volcanic	SO2	columns	from	the	Aura	Ozone	Monitoring	Instrument	(OMI):	
Comparisons	and	LimitaLons,	J.	Geophys.	Res.,	112,	D24S43,	
doi:10.1029/2007JD008825	

The	Band	Residual	Method	algorithm	works	best	in	presence	of	anthropogenical	
SO2	–	i.e.	in	the	vicinity	of	industrial	acBvity.	

NOTE:	The	largest	errors	are	expected	for	cloudy	and	parBally	cloudy	
condiBons.	Depending	on	their	locaBon	-		clouds	can	shield	at	low	alBtudes	or	
arBficially	enhance	the	signal	above	them.	



Level	1	–	Raw	
	
	
Level	2	–	Orbit	
	
	
	
Level	3	-	Gridded	

Which	level	data	meets	your	science	objecBves	?	

Highest	Resolu7on,	
Difficult	
	
	
	
	
	
Lower	Resolu7on,	
Easy	



Level	2	OMSO2		
(28	Mb)	



Level	3	OMSO2e	0.25x0.25	deg		(5.6Mb)	



OMI	AQ	SO2	product	in	the	boundary	Layer	

Data	Set	Short	Name	=	OMSO2e		
	Product	Level	=	3	
	Begin	Date	=	October	1,	2004	
	ResoluBon	=	0.25olon	x	0.25olat	
	Version	=	003	

Cloud-screened	best	measurement	
	ProducBon	Frequency:	Daily	
	Granule	(File)	Coverage:	15	orbits	
	File	Size(Approx):	5	MB	

Contains	best	pixel	data,	screened	for	
OMI	row	anomaly,	clouds,	and	other	
data	quality	flags.	
	

Aqua	MODIS	visible	image	of	the	Nabro	(Eritrea)	erupLon	on	June	13,	
2011	and	the	SO2	plume	overlaid.	



Opera7onal	use	of	direct	spectral	fiXng	SO2	alg.	

	OLD	algorithm:	
StDev	~	1	DU	

	NEW	DSF	algorithm:	
StDev	~	0.3	DU	

Background	noise	is	substanBally	reduced,	allowing	be3er	
observaBon	of	regional	polluBon	and	polluBon	transport	in	
free	troposphere		[Yang	et	al.,	2011]	



OMI	data	indicate	a	40%	decline	in	SO2	polluBon		
from	the	largest	US	coal	power	plants		

V.	Fioletov,	C.	McLinden	,	N.	Krotkov	,	M.	Moran	,	K.	Yang,	EsBmaBon	of	SO2	emissions	
using	OMI	retrievals,	2011,	GRL,		under	review			

2005-2007	 2008-2010	

1)  OMI	can	see	individual	SO2	emission	sources	in	the	US		
2)  There	is	a	high	correlaBon	(~0.9)	between	SO2	emissions	and	OMI	data		
3)  OMI	confirms	a	decline	in	SO2	emissions	as	a	result	of	polluBon	controls	

0.0-0.3 0.3 0.6 DU



US	Source	#1.Bowen	Coal	Power	Plant,	Georgia	(3500	MW),		
SO2	emissions:	170	kT	in	2006	

“In	2008,	the	mammoth	
construcBon	program	yielded	
the	first	scrubbers,	
sophisBcated	equipment	that	
will	reduce	our	overall	
systems	emissions	by	as	
much	as	90	percent”	

Georgia	Power	website			

0.0-0.3 0.3 0.6 DU

2005-2007	 2008-2010	



Source:	h*p://sun.aos.wisc.edu/research	

A	case	study	of	the	2009	erupBon	of	Mt.	Redoubt,	AK		
The	dispersion	of	volcanic	ash	was	monitored	using	OMI	column	SO2	and	
CALIPSO	backsca3er	data.	



ColumnAmountSO2_STL	

Upper	tropospheric	and	Stratospheric	SO2	column	produced	by	
explosive	volcanic	erupBon.		
	
The	noise	level	in	background	data	is	about	0.2	DU.	This	sensiBvity	has	
permi3ed	tracking	of	volcanic	SO2	clouds	for	great	distances	from	the	
source.	

2010	Merapi	ErupBon	



ColumnAmountSO2_TRM	

•  Middle	tropospheric	SO2	column	
opBmized	for	typical	volcanic	
degassing	and	emissions	from	
effusive	erupBons.		

•  The	standard	deviaBon	of	TRM	
retrievals	in	background	areas	is	
about	0.3	DU	at	low	and	mid-
laBtudes.			

Volcano	



Data/Images	Access	
Global Sulfur Dioxide Monitoring Homepage 

•   Images, Documentation, Publications and Links 

GES-DISC (Goddard Earth Science Data and Information Services Center) 

•  Level 2, L2G, Level 3 (OMSO2e) 

•  HDF and NetCDF 

•  Documentation 

GIOVANNI – An interactive visualization tool 

•  L2G, Level 3 (OMSO2e) 

•  HDF, ASCII, KML for Google Earth 

•  Subsetting available 



NASA	archived		
OMI	daily	SO2	
maps		

h3p://so2.gsfc.nasa.gov	

FMI		VFD		SO2	
maps	



OMI Very Fast Delivery Images (over Europe ONLY):  
http://omivfd.fmi.fi/volcanic.html 



NOAA		Level	2	volcanic	
SO2	images	and	
archived	data	(various	
formats,	specific	sites)		



OMI near real-time SO2 maps:  
http://satepsanone.nesdis.noaa.gov/pub/OMI/OMISO2/index.html 



http://satepsanone.nesdis.noaa.gov/pub/OMI/OMISO2/alaska.html	





Data/Images	Access	
Global Sulfur Dioxide Monitoring Homepage 

•   Images, Documentation, Publications and Links 

GES-DISC (Goddard Earth Science Data and Information Services Center) 

•  Level 2, L2G, Level 3 (OMSO2e) 

•  HDF and NetCDF 

•  Documentation 

GIOVANNI – An interactive visualization tool 

•  L2G, Level 3 (OMSO2e) 

•  HDF, ASCII, KML for Google Earth 

•  Subsetting available 



h3p://disc.sci.gsfc.nasa.gov/Aura/data-holdings/OMI/omso2e_v003.shtml	



h3p://disc.sci.gsfc.nasa.gov/Aura/data-holdings/OMI/omso2e_v003.shtml	h3p://disc.sci.gsfc.nasa.gov/Aura/data-holdings/OMI/omso2e_v003.shtml	







File	Name	ConvenBon	

OMI-Aura_L3-OMSO2e_2006m0306_v003-2012m0409t120910.he5		

Data	product		
short	name	

Version	3		

Date	(3/6/06)	

Time	(12:09:10)	

Processing	Date	(4/9/12)	

Data	Format	
(HDF5)	

Level	3	

Mirador	(hZp://mirador.gsfc.nasa.gov/)	Keyword	search	:	SO2	

“e”	=	extended	product	



Data/Images	Access	
Global Sulfur Dioxide Monitoring Homepage 

•   Images, Documentation, Publications and Links 

GES-DISC (Goddard Earth Science Data and Information Services Center) 

•  Level 2, L2G, Level 3 (OMSO2e) 

•  HDF and NetCDF 

•  Documentation 

GIOVANNI – An interactive visualization tool 

•  L2G, Level 3 (OMSO2e) 

•  HDF, ASCII, KML for Google Earth 

•  Subsetting available 

•  Worldview Images 











Worldview	 h3ps://earthdata.nasa.gov/labs/worldview/	



NOTE:	Data	can	be	downloaded	(HDF5	Format	only)	from	Worldview	BUT	it	does	not	
subset	the	data	so	you	don’t	know	which	orbit	to	pick	for	your	region	of	interest,	i.e.	over	
CONUS.	



Name Descrip7on Website 
	 	 	 
ARSET NASA	Applied	Remote	SEnsing	Training. h3p://airquality.gsfc.nasa.gov/		 
AQAST NASA	Air	Quality	Applied	Sciences	Team.	 h3p://acmg.seas.harvard.edu/aqast/	 
	 	 	 
MulB-Purpose*	 	 	 
EOSDIS Earth	Observing	System	Data	and	InformaBon	System.		Useful	web	tools	are	available	

to	search	data	files	by	instrument	and	pollutant	type. 
h3p://earthdata.nasa.gov 

EOSDIS/	
LANCE 

Land	Atmosphere	Near	Real-Bme	Capability	for	EOS	is	NASA’s	main	tool	for	
visualizaBon	and	download	of	near-real-Bme	data	and	imagery. 

h3ps://earthdata.nasa.gov/data/near-real-Bme-data/ 

EOSDIS/	
Reverb 

Search,	access	and	download	data	files,	with	spaBal	and	temporal	sub-sezng. h3p://reverb.echo.nasa.gov/reverb 

GES	DISC Goddard	Earth	Sciences	Data	and	InformaBon	Services	Center.	
A	NASA	data	center	where	polluBon	and	aerosol	files	may	be	found. 

h3p://disc.sci.gsfc.nasa.gov		
	 

GES	DISC/	Giovanni An	interacBve	visualizaBon	and	analysis	web	tool.	
	 

h3p://disc.sci.gsfc.nasa.gov/giovanni/	
	 

GES	DISC/	
Mirador 

Search	on	Bme,	space,	and	keywords	for	datasets	and	data	files. h3p://mirador.gsfc.nasa.gov 

LaRC	ASDC Langley	Research	Center	Atmospheric	Science	Data	Center.	
A	NASA	data	center	where	polluBon	and	aerosol	files	may	be	found. 

h3p://eosweb.larc.nasa.gov 

LAADS	Web Level	1	and	Atmosphere	Archive	and	DistribuBon	System	
Access	MODIS	L1,	Atmosphere	and	Land	data	products	and	VIIRS	L1	and	Land	data	
products 

h3p://ladsweb.nascom.nasa.gov 

True	color	imagery	and	
Smoke 

	 	 

Worldview An	interacBve	visualizaBon	and	analysis	web	tool. h3ps://earthdata.nasa.gov/labs/worldview/	 
HMS NOAA	Hazard	Mapping	System	Fire	and	Smoke	Product.	

Near-real-Bme	data. 
h3p://www.ospo.noaa.gov/Products/land/hms.html 

EOSDIS/	
FIRMS 

Fire	InformaBon	for	Resource	Management	System.	
Near-real-Bme	data	access. 

h3p://earthdata.nasa.gov/data/near-real-Bme-data/
firms 

ApplicaBon	Specific 	 	 

IDEA NOAA	Infusing	Satellite	Data	into	Environmental	ApplicaBons.		Near-real-Bme	access	
to	MODIS	and	GOES	aerosol	products	and	meteorological	informaBon. 

h3p://www.star.nesdis.noaa.gov/smcd/spb/aq/ 

RSIG EPA	Remote	Sensing	InformaBon	Gateway.		Web	tool	that	facilitates	comparisons	
between	NASA	imagery	and	CMAQ	model	output. 

h3p://ofmpub.epa.gov/rsig/rsigserver?index.html	 

EE	DSS	
	 

ExcepBonal	Event	Decision	Support	System.		Facilitates	the	analysis	of	both	surface	
and	satellite	data	for	excepBonal	event	demonstraBon	submissions. 

h3p://www.datafed.net	
	 

	 	 	 

	Data	discovery,	visualizaLon,	and	analysis	resources	for	the	end-user.	


